U.S. National Stage Patent Application of PCT/JP2004/015181 

Amendments to the Drawings : 

The attached replacement drawing sheets make changes to Figs. 7, 15 and 16 and 
replace the origiaal sheets with Figs. 7, 15 and 16. 
Attachment: Replacement Sheets (3) 



-10- 



U.S. National Stage Patent Application of PCT/JP2004/015181 
REMARKS 

Claims 1-24 are pending. Claims 1-8 and 20 are amended and claims 21-24 are added. 
A substitute specification is also provided along with a marked-up copy of the originally filed 
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this Amendment, it is submitted the application is in condition for examination. 
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ABSTRACT OF THE DISCLOSURE 
In a rotary electric machine, coils to be wound around an armature are wound so as to 
have a good magnetic balance. In a rotary electric machine formed with four poles, ten slots 
6€r -slots. and twenty commentator s e gments T b rsegments. a pair of coils lO coils that 
respectively conduct an electric current te -to the commutator segments 7 b segments adjoining 
an arbitrary commutator segment at both sides in the circumferential direction with ref e r e nc e 
to an arbitrary commutator segm e nt 7b are caused to face permanent magn e ts 3. m agnets, that 
are adjoining poles, to be poles opposite from each other, and one coil lO coil is wound in a 
noraial winding state, and the other coil lO x oil in a reverse winding state. 
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Armature of Rotary Electric Machine and Manufacturing Method 
GOhnicnT^fri nlri^ -r-^ . ^ . . ^ ^ , . . Hi^jU*.. iItCUx- Q^i^-i-*^^ 



The ingonticii'i relates to the technical field of an armature 
K 

of a rotary electric machine that is mounted on, for example, 
a vehicle and a manufacturing method thereof. 



Background Art 

Generally, as thisiype of rotary electric machine, known 
is an electric motor jihat ic nonstrnr-h i od vfi i th a yoke where magnetic 
poles are formed by a plurality of pairs of permanent magnets 
provided on the inner circumferential surface and an armature^ 
i n vrh i rrh _a plurality of slots are f ormed^lwi^ in an axial direction 
■aftd Ml a -Tcirciamf erential direction^^^9^ the outer periphery of a 
core and a plurality of coils each formed by makiing a winding 
wire wound in the slots with a predetermined interval^ conduct 
an electric current to adjoining commutator segments^nrc fo^rmcd , 
When a high torque^^as well as a reduction in size^are demanded 
in such an electric motor, the demand has been satisfied by 
providing the electric motor with multiple poles by using a 
plurality of pairs of permanent magnets and increasing the n\imber 
of commutator segments and slots. However, in such an electric 
motor, it has been known that, when the commutator segments around 
which and to which coil ends are hung and connected and coil 
winding positions are lap-wound in a state where these are almost 
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opposed in the axial direction, magnetic imbalance occurs to 
cause whirling based on a torque ripple and the like. 

As a remedy therefore, it has been promoted to form coils 
by winding a winding wire that conducts an electric current to 
arbitrary commutator segments around the preset arbitrary slots 
and the slots facing the arbitrary slots in the radial direction 
in a state of series connection and to thereby improve magnetic 
balance (see Japanese Published Unexamined Patent Application 

No. 2004-305861) . , . , . Ar-t? / I 

However, the conven tiona l^ art: described above is bo 

carried out in an armature conotn^to^^wjDth slots and commutator 

segments provided i n the s ame number, and there is no suggestion 

of the case of a eonatruetJ-OR where slots are provided with half 

UsSilA^'CA O 

as many as segments, thorQiii Ilea" Uiu problem to be solved by 

the pie>!>unL invention. 

Dije,l^:jj>u.LiJ ' of Llibi lii'JBnLlOir^ 

In consideration of the foregoing circTimstances , the 

nirQffBnt- invention, has been made to solve the problems. ^-R^^e.^ 

im i ^ ejgLtirQ a - rccito dHri^r-ejgar im I ' Hc ^» armaturo of a rotary olQCt - r j.^^ 



■ machinQ.. the .rotary electric machine including an armature on 
which a plurality of coils^ each^f ormed by makin s g a winding wire 
wound around the slots with a predetermined number of slots 
therebetween out of a plurality of slots provided side by side 
in a circumferential direction conduct an electric current to 
adjoining commutator segments and a yoke provided with magnetic 
poles;^ In which the slots are provided with half the numbier of 
commutator segments, and the coils are foarmed as a pair of coils 
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respectively that conduct an electric current to commutator 
segments adjoining at both sides in the circumferential direction 
with reference to an arbitrary commutator segment, the pair of 
coils face opposite poles positioned differently from each other, 
and one coil is wound in a normal winding state, and the other 
coil, in a reverse winding state^^^ Jf^^ 

^ With^his structure, magnetic balance of the armature can 
be improved. 

^•iT-. ^ip|iTn 1 - .i-hg> rotary electric machine is formed with N magnetic 
poles, n pieces of slots, and 2n pieces of commutator segments, 
a pair of coils that respectively conduct an electric current 
to three commutator segments adjoining at both sides in the 
circumferential direction with reference to an arbitrary 
commutator segment '^tia^ an angle of approximately (360/N) , and 
one thereof is wound as a normal winding coil, and the other, 
as a reverse winding coil^ - and f with this structure, magnetic 
balance of the armature can be improved. 

* — in olaim 1 ^ the rotary electric machine is formed with N magnetic 
poles, n pieces of slots, and 2n pieces of commutator segments 
in which a n\amber (2n/N) obtained by dividing the number of 
commutator segments by the number of magnetic poles is a natural 
number, and ((2n/N)-l) coils formed in a manner respectively 
conducting an electric current to (2n/N) pieces of arbitrary 
commutator segments adjoining in the circumferential direction 
are wound so as to respectively have an angle of approximately 
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{ (l+2m) X (360/N) } where m is a natural number including 0 and. are 
wound so that a normal winding alternates with a reverse winding. 
With this structure, magnetic balance of the armature can further 
be improved. 

The invention rcoitod in c l i^^ i m ^ i ^, (; ;h n g £ i .G 'tn i r i z ofi i. a tJi QjL^ 
"in claim 1 , 3 / uj, 3 i jthe coils are wound with one slot therebetween, 
and with this structure, a reduction in size and weight, a 
reduction in cost, and high efficiency can be realized. 

-e^^ — a — ro-femry — e l c - otrx - e — machin e^ the rotary electric machine 
including an armature on which^a plurality of coils^ each formed 
by making a- winding wire wound around the slots with a 
predetermined number of slots therebetween out of a plurality 
of slots provided side by side in a circumferential direction^ 
conduct an electric current to adjoining commutator segments and 
a yoke provided with magnetic poles, -ift — which the slots are 
provided w ith half the number of commutator segments, the coils 
are foormed as ^-Qc h pai^ of coils that respectively conduct an 
electric current to commutator segments adjoining at both sides 
in the circumferential direction with reference to an arbitrary 
commutator segment, tfee- pair of coils face the same poles 
positioned different from each other, and the respective coils 
are wound in the same winding directio n . 

AnH^wT-hh 1-hi?=? 5^1- -rn r^-hn -rga ^ m aginXi- i lr\Js^ ^^T^^^^ of the armature 

can be improved- ■ 

. The lii^>/binLluii LeclLed In olaiiu 6 is cih '« a ' racLe.Ll '2t ^d la L " h a4L.^ 
■ 1 n claim 5-, '^he rotary electric machine is formed with N magnetic 
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poles, n pieces of slots, and 2n pieces of coiranutator segments, 
a pair of coils that respectively conduct an electric current 
to three commutator segments adjoining at both sides in the 
circumferential direction with reference to an arbitrary 
commutator segment have an angle of approximately (360x2/N) , 
respective coils are wound in the same winding direction. With 
this structure, magnetic balance of the armature can be improved. 

— The lii^cntion rocitcd iir clcilm 7 1^ dharacber 'j: z ' ed :'*in' th a4s -»>^ 
in- claim 5 rr . the coils are wound with one slot therebetween, 
and with this structure, a reduction in size and weight and a 
reduction in cost can be realized. 

- -Tlie lii'JeiiLiuii leulLed in fcl a lin 8 is chaxaGtor^zud In Lha L^ ) 
in any o f claii i i: ^ 1 through 7 ' A ^in the armature, two layers of coils 
are wound in a radial direction, and with reference to an arbitrary 
slot, a pair of first coils in the radial direction to be wound 
with the arbitrary slot therebetween and a pair of second coils 
in the radial direction to be wound with a slot adjoining the 
arbitrary slot therebetween are wound at a winding amount based 
on a preset ratio. With this structure, commutation is improved 
so that durability of the brushes can be enhanced. 
The invort' bioirr^icx'Feg^l^^'^^ 
"ula4AU '' ''8 T' "the first and second coils, each pair of coils 
are wound with a positional displacement from each other in the 
radial direction, and with this structure, not only is 
commutation improved so that durability of the brushes can be 
enhanced, but also a space factor is improved so that a reduction 
in size and weight can be realized. 
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in any of claimc 1 t - hrough 9 4 adjoining slots are formed so that 
a groove width of one slot is narrow at an inner dieimotSr* side 
and wide at an outer "di iimr? tar side and a groove width of the other 



slot is wide at an inner > diamo-beS^ side and narrow at an outer 
- diam e t e r side^ and with this structure, the space factor can 



further\be^ improved so that a reduction in size and weight can 
be realized. 

Further rnorc , tho invontion rocitod in clai i m 11 i < 3> a method 

for producing an armature of a rotary electric machine, the rotary 

G - loctric maohinQ ^incltt dx^ iy an aiiuaLajLC on whluk a plurality of 

coils each^formed by making a winding wire wound around the slots 
) ^ \ 

with a predetermined number of slots therebetween out of a 

plurality of slots provided side by side in a circiamf erential 

direction conduct an electric current to adjoining commutator 
^ Co 

segments^eftd a_ yoke^provided with magnetic poles, in which the 
slots are provided with half the number of commutator segments, 
and the coils are wound, while arranging a pair of coils that 
respectively conduct an electric current to commutator segments 
adjoining at both sides in the circumferential direction with 
reference to an arbitrary commutator segment so as to cause the 
same to face opposite poles positioned different from each other, 
so that one coil results in a normal winding, and the other coil, 
a reverse w inding . 

An with this structure, magnetic balance of the armature 
can be improved. 
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j rfi claim ll-A 



the rotary electric machine is formed with N magnetic 
poles, n pieces of slots, and 2n pieces of commutator segments, 
a pair of coils that respectively conduct an electric current 
to three commutator segments adjoining at both sides in the 
circumferential direction with reference .to an arbitrary 
commutator segment have an angle of approximately (360/N) , and 
one thereof is wound as a normal winding coil, and the other, 
as a reverse winding coil<^ "artd^ith this structure, magnetic 
balance of the armature can be improved . 

olaiiu 11 ,) the rotary electric machine is formed with N magnetic 
poles, n pieces of slots, and 2n pieces of commutator segments 
in which a number (2n/N) obtained by dividing the number of 
commutator segments by the number of magnetic poles is a natural 
number, and ((2n/N)-l) coils formed in a manner respectively 
conducting an electric current to arbitrary (2n/N) commutator 
segments adjoining in the circumferential direction are wound 
so as to respectively have an angle of approximately 
{ (l+2m) X (360/N) } where m is a natural number including 0 and so 
that a normal winding alternates with a reverse winding. With 
this structure, magnetic balance of the armature can further be 
improved . 



-HbB c , 1 a i m ,, 1 1 y 1 Ay"" o ^ r- ■ 1-3 % the coils are wound with one slot 
therebetween<5^ and ^ with this structure, a reduction in size and 
weight and a reduction in cost canr>be realized 



:anpJDe realized. 
Lim xo^ts a method 



Tlit; liivenrion recited in claim XD^ts a method for producing 



an armature of a rotary electric machine, ^i-hQ r- m-^r-y oi ^r^-hr'-j 
mach - ine ipglx a>dpa>ug;>.a»ja»a^3S ^^ a plurality of coils^each^ 

formed by making a winding wire wound around the slots with a 
predetermined number of slots therebetween out of a plurality 
of slots provided side by side in a circiomf erential directiori^ 
conduct an electric current to adjoining commutator segments and 
a yoke provided with magnetic poles ^ in whicb- ^he slots are 
provided with half the number of commutator segments, and the 
coils are provided, while arranging a pair of coils that 
respectively conduct an electric current to commutator segments 
adjoining at both sides in the circumferential direction with 
reference to an arbitrary commutator segment so as to cause the 
same to face the same poles positioned different from each other, 
so that the . respective coils are wound in the same winding 
directiono with this structure, magnetic balance of the armature 
can be improved. 

■ The linvontion - r^iruxLed xn cl aim 16 is cnarac 



In ul^lia ' 15 , the rotary electric machine is formed with N magnetic 
poles, n pieces of slots, and 2n pieces of commutator segments, 
a pair of coils ^that respectively conduct an electric current 
to three commutator segments adjoining at both sides in the 
circumferential direction with reference to an arbitrary 
commutator segment^ has an angle of approximately (360X2/N) , and 
the respective coils are wound in the same winding direction. 
With this structure, magnetic balance of the armature can further 
be improved . 

ip h p inTrpntion rpritp^ri in claim 17 i^ j LhajL " d r cLt;:^llZ^U rn LhaT; 
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in claim ID ojl , the coils are wound with one slot therebetween. 



and^ with this structure, a reduction in size and weight and a 
reduction in cost can be realized. 

- Thu-iii^yilLloa L ' ^ciL^d lix eialm 18 i^ j t^hara^i^i i Leriz^a i n U lcrt^ — 
-j ay>y n-F n 1 . n . >>4n r 11 -hVn-nn ii jiT I' H ? j, in the armature, two layers of 
coils are wound in a radial direction, and with reference to an 
arbitrary slot, a pair of first coils in the radial direction 
;tQ be wound with the arbitrary slot therebetween and a pair of 
second coils in the. radial direction "fehart are wound around the 
arbitrary slot and adjoining the first coils in the 
circumferential direction are wound at a winding amount based 
on a preset ratio. With this structure, commutation is improved 
so that durability of the brushes can be enhanced. 

T1i ( in M ' ntirm i i i i 1 i ^rl i n r lni m 1^ i n rhnrnrt n ri rioirl in t^^^". - 
- ±n claiiii IB -x in the first and second coils, each pair of coils 
are wound with a positional displacement from each other in the 
radial direction^ and " Jlp-"^^ this structure, not only is 
commutation improved so that durability of the brushes can be 
enhanced, but also the space factor is improved so that a reduction 
in size and weight can be realized , 

pTt re inveliLluii J.e t ^t@ . d > in clai ift-g^l s""t:Kara^te^ 
in any - of ■■ olcwLmg^ 13 r H!iferouyh 19, adj oining- slots are formed so 
that a groove width of one slot is narrow at an inner ni nmntrr _ 
side and wide at an outer di nmntini^side and a groove width of 
the other slot is wide at an inner TiiQmct03& side and narrow at 
an outer -ddrafftepbe-^^ide^-afid with this structure, the space factor 
can further be improved so that a reduction in size and weight 
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can be realized. / ^ k r ^'"VW^.-JiiJ 

inriiing tn thr in-irrnTrinn nf ninim i , whirling i 



^^^r nr^'^ ^H' '^'^ ^ "'^^^^-i r^i n -i 1 ^ whirling is reduced, 

whereby vibration and noise can be reduced, and a high- 
performance rotary electric machine can be provided. 

whereby a reduction in vibration and noise can be re^Jsri'Sed, and 
a high-performance rotary electric machin.^^'<:^n be provided . 

According to the invent ior;.--©f'"cl aim 3, whirling is further 
reduced, whereby ^a^.^.^-ar^^iiction in vibration and noise can be 
realiz^drf'STid a high-perf oormance rotary electric machine can be 

T^^^^-^di PCf "^^ ''"^^ -i mif ^ 'T i t'q i -> n i-if ninnm a reduction in size 



and weight, a reduction in cost, and high efficiency can be 
realized. 

J\nnrMr r \^r\q to thn i nTrr>r> t ion of Clf=i.x m , '^^^-^-^lip q V'g-T r^^^^ 
whereby a reduction in vibration and noise can be ^^-ilzed, and 
a high-performance rotary electric machiji^e^an be provided. 

According to the invention ^.f-'^aim 6, whirling is reduced, 
whereby a reduction in vib^^'tfion and noise can be realized, and 
a high-performance rp;rary electric machine can be provided. 

the invention of claim 7, a reduction in size 
and w^jr^fit, a reduction in cost, and high efficiency can be 
ri-izt=fd 

■ ^ ■ cuuldifig ' to — -thj^ — invpntiorf of — glaim - 0 , commutation is 




mg" to — tJsy^ — invpntioril of — rtt 



improved so that durability of the brushes can be enhanced. 

Accorrin ng — *e — tfee — InvcnLlaii — ef§ — eiariin — ncTC — uiil^ i^ - 
- commutation improv i iJ I jO LhaL du r^abil' lLy o i g - t he b ru^fao - g* - oan bQ 
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" fenhaneed^ but alse the space factor is improved so that a reduction 
in size and weight can be realized. 

According to - '-th e— invont riei^r-o-f— c±'a"±^^^ TaeG o r 

can further improvedsg,.lAar*lr"a ieUuction in size and weight can 
:ed. 



?LuooLding L o Lhu ii T O^ 'nt'rcmnjI c lai m 11 / whXrlrnTg'TsnCti 
reduced, whereby a reduction in vibration and noise can /3De 
realized, and a high-performance rotary electric machine 9ah be 
provided . 

According to the invention of claim 12, whirlino^s further 
reduced, whereby a reduction in vibration and yiKjise can be 
realized, and a high-performance rotary electrjjifc machine can be 
provided . 

According to the invention of claim L3 , whirling is further 
reduced, whereby a reduction in vibration and noise can be 
realized, and a high-performance ro^ry electric machine can be 
provided. 

According to the inventior/ of claim 14, a reduction in size 
and weight, a reduction in ^^ost, and high efficiency can be 
realized. / 

According to the indention of claim 15, whirling is reduced, 
whereby a reduction i^ vibration and noise can be realized, and 
a high-perf ormanc^ rotary electric machine can be provided. 

According'^:© the invention of claim 16, whirling is reduced, 
whereby a re/luction in vibration and noise can be realized, and 
a high-peiff ormance rotary electric machine can be provided. 

/ 

According to the in ^ ^f^nt i on . ci f claim 17, a reduction in size 
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f^Suction in cost, and high efficiency can>;?i^ 




and" Weigh-c r 
realized. 

According to the invention of claim 18^ Jpdirimut is 
improved so that durability of the brushj^js'^an be enhanced. 

According to the invention^^>0T claim 19, not only is 
commutation improved so that ^^llrability of the brushes can be 
enhanced, but also th'6'^p^jee factor is improved so that a reduction 
in size and^weight^-'^n be realized. 

Accord4.^g to the invention of claim 20, the space factor 
^^<can f^i^€her be improved so that a reduction in size and weight 



,j3^ri ne reallzedTs 



Brief Description of the Drawings 

Fig. 1 is a cross-sectional, partially-cutaway side view 
of an electric motor^ 

Fig. 2 is a pattern view where an armature has been 
developed^ 

Fig. 3 is a cross-sectional view of an armaturej 
Fig. 4 is a development pattern explanatory view for 
tSixplainliig a positional relationship between the coils and 
commutator segments^ 

Fig. 5 is a cross-sectional view for exp - la idling a positional 



relationship between the slots and coils^ 




Fig. 6 is a development pattern explanatory- view for 
cjAplaining a positional relationship between the coils and 
> commutator segments according to a second embodiment! 

Fig. 7 is a cross-sectional view of an armature according 
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to the second embodiment^ 

Figs. 8(A) and (B) are a cross-sectional view of an armature 
in a state where one of the winding wires has been wound and a 
cross-sectional view of an armature in a state where both wiring 
wires have been wound in the second embodiment, respectively^ 

•Fig. 9 is a development pattern explanatory view for 
-r cxplaining a positional relationship between the coils and 
commutator segments according to a third ert^Dodiment^ 

Figs. 10(A) and (B) are a cross-sectional view of an 
ainnature in a state where one of the winding wires has been wound 
and a cross-sectional view of an armature in a state where both 
wiring wires have been wound according to a fourth embodiment, 
respectively ^ 

Fig. 11 is a development pattern explanatory view for 
'pAjjlalAiiiig a positional relationship between the coils and 
■ commutator segments according to the fourth embodiment^ 

Fig. 12 is a development pattern explanatory view for 
*^ ^=ij^plaiiiliig a positional relationship between the coils and 
commutator segments according to a fifth embodiment^ l\ ^ 

Fig. 13 is a cross-sectional view of an armature j 
explainin - g a wound state of coils according to a sixth embodiment!^ 
K Fig. 14 is a cross-sectional view of an armature Tp^s^ 
■f^npl ni mT=K^ a wound state of coils according to a seventh 
embodiment^ 

Fig. 15 is a cross-sectional view of an armature 




ain Ang a wound state of coils according to an eighth 



embodiment^ 
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Figs. 16(A) and (B) are a front view of a coinmutator and 
a cross-sectional view along |;;^-^^of Fig. 16 (A) according to the 
eighth embodiment, respectively. 

Figs. 17(A) , (B) , and (C) are a pattern cross-sectional view 
of an armature for explaining a wound state of coils, a front 

)lr It 

view of an insulator, and a cross-sectional view along It- X of 
Fig. 17 (B) according to a ninth embodiment, respectively- 




Next, a firsH: embodimenTi e£ the pg^gent invcnt-A;on will be 
described with referenc e to Fi^, 1 to 5 , 

^ In the drawings , reference numeral 1 designates an electric 
motor (rotary electric machine) used as a driving source of 
electric equipment mounted on a vehicle. To the inner 
circumferential surface of a yoke (motor housing) 2. that is a 
component of the electric motor Ij^formed in a cylindrical form 
with a bottom, permanent magnets 3 are fixed so that two pairs 
of N and S poles are formed in a circiamf erential direction, whereby 
the electric motor is formed as a quadrupole electric motor 1. 
Reference numeral 4 designates an armature. To a shaft <armature 
shaft) 5 that is a component of the armature 4, a core 6^ formed 
by laminating a plurality of ring-shaped plates 6ajis externally 
fitted in an integrated manner^ a commutator 7. posi^tioned 

at a front end of the core 6^ is externally fitted and fixed^. ^.ae^^ 
^he shaft 5 of the armature 4 is rotatably supported at its base 
end by the yoke 2 via a bearing 2a, and is internally provided 
so as to be freely rotatable in the yoke 2. Also, a cover 2b 
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is provided at an openiag, end of the yoke 2 , and a holder stay 
8 is integrally provided on the cover 2b ^ thi^ holder stay 
'^vf^Tras'ti holders 8a positioned at four circumferential points 



re formedj^ brushes 8b are internally provided in the brush 
holders 8a so as to be freely protruded and depressed^ ^XsA as 
a result^ th^^ protruding ^"f rrnit ends of the brushes 8b abut 
(contact) - againct the commutator l^ in a ouppre. j>>sluy maiiix u iife^^ ^n 
.external electric supply is sup plied to the commutator 7 via the 
brushes 8b^ ^sdrjthese basic oonotguGtiono are formed according 



to a^pnventional technique, 

" Now; ^ on the outer periphery of^heprina- shaped plates €a' 

forming the core 6,^ten teeth Sl^^ach^ of vfhich r is shaped like 

the capital letter T^ axe ruj.iuidd in the c irciamt ^j-^^^liL-LJil dij , uction, 

-e=^B»di)y externally fitting a plurality of plates out of these plates 

6a onto the shaft 5 like a whirl— stop, on the outcij- vei,i - p h:eTry- 

' of the T r oj.y 6 ten dovetail groove- shaped* slots 6c provided in 

A 

a concave manner - in the axial direcLlun between the adjoining 
•a^e fiormcd — ^ 



teeth 6b -a^ie — Sormod long , in the axial djr roe - tion ■ and ±rr the 
Circumferential directio^ =^^^=='^t^»^^^^ 



On the other hand, the commutator 7 is constructed by 
disposing a plurality of commutator ^segrnents 7b. formed of a . ^ 
conductive long plates parallel in the^circumf erential direction 
in a mutually isolated state on the outer circumferential surface 
of a ring-shaped member 7a externally fitted onto the shaft 5. 
Here, twenty commutator segments 7b^twice the number of the slots 
6c^are provided, whereby the electric motor 1 is formed as an 



electric motor with four poles, ten slots 6c, and ^33^ twenty 
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commutator segments 7b. Also, at an end of each commutator 
segment 7b^facing the core 6 side, a riser 7c curved by folding 
back the same to the radially outer side is formed in an integrated 
manner . 

ftn ^ i by winding enamel- coated winding wires 9 between the 

slots 6c positioned at arbitrary points of the core 6 and provided 
with a predetermined interval according to a winding process 
• described later, twenty coils ,10 are wound around the outer 
^ periphery of the core 6 . The winding wires 9 to be winding- 
/a start ends and windina-_f inish ends of the'fe^L^respective coils 10 
have been '- hung around the risers 7c of the respective 
^corresponding commutator segments 7b, and the Jwrng-'around 
winding wires 9 to be winding-start ends and winding-finish ends 
have been set so that the commutator segments 7b and coils 10 
1^ corresponding thereto are electrically connected (are 
.conductive) by fusing with the commutator segments 7b at the riser 
7.C sections (hung-around sections) . 

Next, a process for winding the coils 10 will be described 
with reference toEVi<^^ t oj^ Rfcg:> ^ / ^^^ 
' O ^^-^liere^ the twenty commutator 

segments 7b of the armature 4^ arc provdjiod ^ tha . t e ^l^V lots ^ 

6c\ arc provided with half ers-»afty^ as the commutator segments 7b 
when lap winding, that is normally generally used for the armature ^ 
,4, is executed, ai} a r - CDult thafe the winding wire is wound between 
." th - e slots with one slot thGrcbeLwee x- x-, pair of coils formed in'^^^^''^^ 

^ A 

a manner respectively conducting an electric current to 
commutator segments adjoining at both side portions with 
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A lso , Fig. 
a ovQrppcd toir ^y. 



reference to an arbitrary commutator segment are in the same state 
in terms of the winding direction. In contrast thereto, 
according to the p-HLOtLint invention, ^^e. a pair of coils 10 fo3nned 
jso as to respectively conduct an electric current to commutator 
, segments 7b adjoining at both side portions with reference to 
an arbitrary commutator segment 7b have been set so that one 
thereof is wound in a normal winding state, and the other, in 
a reverse winding state, in terms of the winding direction. 

Al ^o , Fia. 2 is a drawing in which the armature 4 has been 
explaining a relationship among the commentator 
s.egments ^b, slots 6c, and coils 10^ ^A^^aps with respect to 
the adjoining teeth 6b are equivalent to the slots 6c. Moreover, 
Fig. 3 is a cross-sectional view for explaining a process for 
winding the winding wires 9 around the armature 4 , and winding 
directions of the winding wires 9 in cross-sections of the coils 
10 formed as such are shown by marks • and x. Furthejcmore , Fig. 
4 is a pattern explanatory view, in which positions of the slots 
6c that the winding wires 9 stride over are denoted by symbols 
in the coil 10, for explaining a positional relationship between 
the coil 10 positions and commutator segments 7b (risers 7c) that 
conduct an electric current to the coils 10. Fig. 5 is a 
cross-sectional view for explaining a positional relationship 
of the wound coils 10. 

In these drawings , ^ description will be given wfeii^ 
reference numerals 1 to 20 .aj:^used for the respective risers 
7c, reference numerals I to X «w?e used for the respective slots 
6c, and reference numerals (i-1) , (i-2) , (ii-1) , (ii-2) , <iii-l) , 
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(x-1) , and (x-2) jjux used for the twenty .coils -fe^jspfe wound, 

A 

respectively , 



Namely, the coils 10 to be wound agro und th e armature 4 
according to the rrn nrnt embodiment are c^n^^L^L ^^ that the 

winding wire 9 is wound around the slots 6c with one slot 6c 
therebetween . For example , when winding of one end of the winding 
wire 9 has started while conducting an electric current to the 




first riser, the winding wire 9 hung around the first riser 7c 
is wound g H c^un ^ the Xth and Ilnd slots 6c with the 1st slot 6c 
therebetween a plurality of times (in the rrnnmt embodiment, 
twenty times) , and by h angj =firg the same around the second riser 

A 

7c, an (i-l)th coil is formed- In this case, the (i-l)th coil 

10 is in a winding direction (regarde^ as a normal winding state) 

where the winding wire 9 is hun ^ around so as to reach from the 

A 

Xth slot 6c side to the ^"^^ slot 6c. Thereafter, by winding 
the winding wire 9 hun^ P^^ound the second riser 7c a plurality 

A 

of times (in the present embodiment, twenty times) at a section 
with an angle of approximately 90 degrees in the circumferential 
direction with respect to the (i-1) th coil 10, namely around the 
Ilird and the Vth -slots 6c with the IVth slot 6c therebetween. 



and by hanging the winding wire 9 around the third riser 7c, an 

A 

(i-2)th coil 10 is formed. At this time, the (i-2)th coil 10 
is wound so as to be in an opposite winding direction (referred 
to as a reverse winding state) from the (i-1) th coil 10 as a result 
that the winding wire 9 is -htm^ around so as to reach from the 

A 

vth slot 6c side to the Ilird slot 6c, whereby the (i-l)th coil 
10 and (i-2)th coil 10 are set so that, when one faces the N-pole 
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permanent magnet 3 of the yoke 2, the other faces the S pole, 
and when a power is supplied to these coils 10, an excitation 
corresponding to the respective poles occurs. 

Subsequently, although the /ii-l)th coil 10 is formed by 
winding the winding wire 9 -IwHag^a round the third riser 7c between 
the 1st to Ilird with the Ilnd slot 6c therebetween and'irarteiAa 
the same- around the fourth riser 7c, the (ii-1) coil 10 is woundi, 
in a normal winding state as a result the winding wire 9 iS fei»g^ 
around so as to reach from the 1st slot 6c side to the Illjcd slot 
6c. Furthermore, by winding the winding wire 9 feeri^aroiind the 
fourth riser 7c at a section with an angle of approximately 90 
degrees in the circumferential d-irection with respect to the 
(ii-l)th coil 10, namely around the IVth and Vlth slots 6c with 
the Vth slot 6c therebetween and Jiangi - ng ^^the sWe around the fifth 
riser 7c, a (ii-2) th coil 10 is formed. At this time , the (ii-2)th 
coil 10 is wound in a reverse winding state opposite from the 
(ii-1) th coil 10 as a result that the winding wire 9 is htwa^around 

A 

so as to reach from the Vlth slot 6c side to the LVth slot 6c. 

As such, the winding wire 9 is set so as to be wound around 
the slots 6c in a manner sequentially iTxm^^around the sixth, 

A 

seventh, and eighth risers 7c ... based on the winding states, and 
in this case, as mentioned above, to the commutator segments 7b 
adjoining at both sides in the circumferential direction with' 
reference to an arbitrary commutator segment 7b (riser 7c) , a 
pair of coils 10 has been respectively connected so as to conduct 
an electric current, and the pair of coils 10 have been set so 
as to be wound in a positional relationship provided with a 
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circumferential angle of approximately 90 degrees so as to be 
caused, in the yoke 2 constructed with four poles, to face the 
poles opposite from each other , and so that one ( (i-1) to (x-l)th) 
of the coils 10 is wound in a normal winding state and the other 
((i-2) to (x-2)th) of the coils 10 is wound in a reverse winding 
state. 

Thereby, as shown in Fig. 5, around the slots 6c at an 
arbitrary point with one slot 6c therebetween, a pair. of coils 
10 are to be respectively wound, and in this case, it has been 
set so that a pair of coils 10 in a normal winding state and a 
reverse winding state are wound around the slots 6c. 

Therein, when a power is supplied to the coils as a result 
thac the brushes 8 slidabl^ contact the commutator 7, the (i-l)th 
coil 10 and (i-2)th coil 10 formed in a manner^ respectively 
conduct^35gp. an electric current to the first riser 7c and third 
riser 7c adjoining at both sides in the circumferential direction 
with reference to the second riser 7c (commutator segment 7b) , 
for example, are wound with an angle of approximately 90 degrees 
in the circumferential direction so as to face the poles opposite 
from each other ^ hernial ^he (i-l)th coil 10 is wound in a normal 
winding state , and the (i-2 ) th coil 10 , in a reverse winding state, 
whereby a pair of coils 10 of the (i-l)th coil 10 and a (viii-2)th 
coil 10 are wound around the slots 6c with the 1st slot 6c 
therebetween. As a result, the coils 10 connected between the 
brushes 8 of opposite poles are faced between the adjoining N 
and S poles to balance magnetism therebetween, thus improving 
magnetic balance all round the outer periphery of the armature 
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4. 



In the pro c onti embodiment: oonata^uot.od as described, as 



mentioned above, the yoke 2 is constructed with four poles<^ 
on the other hand, when winding wire 9 is wound around the 



armature 4, commutator segments 7b provided on the armature 



4 aire twcntiy^ \rhilQ thQ slots 6c formed on the outer periphery 
^ A 

of the core fir^nr^ trn and a pair of coils 10 that respectively 
conduct an electric current to the commutator segpments 7b 
adjoining at both sides in the circiomf erential direction with 
reference to an arbitrary commutator segment 7b are caused to 



face the poles opposite from each other^ wid^one thux u>Nf is wound 
as a normal winding coil 10, and the other, as a reverse winding 
coil 10. Thereby, the coils 10 connected between the brushes 
8 of opposite poles are brought into corresponding excitation 
states in a manner facing the adj oining N and S poles , respectively , 
which can improve magnetic balance^ ^hus whirling based on a 
torque ripple and the like is reduced to provide a low-vibration 
low-noise rotary electric machine with an excellent performance. 

Further^ thcroin r the slots 6c on the outer periphery of the 
core 6 have been reduced to half the niomber of the commutator 
segments 7b« andr when winding the winding wire 9 between the 
respective slots 6c, s moo the facing distance between the^^ 
slots 6c^is reduced, the amount of the winding wire 9 (coil amount) 
is. reduced LhaLmuuk> copper 1 - obb oapn bo reduced^ and moreover, 
the weight can - fe e^ lowered 'feQ. contribute to. a re(^uction in size 



V 

as a matter of course, commutation performance is improved 



and weighty th us-goal iaing aNreduction in cost^, ancf^ U ux ' bhUTiuu i u 7- 
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Moreover, because the respective coils 10 are wound in. a s o- 

called one-slot stride with one slot 6c therebetween, this also 

realizes not only Sa reduction in copper 3r©e^, ^reduction in size 

and weight ^■mrnH nr> n Hf7< ^i^ir| p |p wg^ ;^ g^-^-h and a. reduction in cost 

as mentioned above, but also high erficiency and do improvement 

K 

in commutation performance. 

Further^-b hcroin the coils 10 can be wound b^c^us^-e^ a double 
flyer in a manner starting to wind the winding wire 9 from two 
points of the f irst^^c^^^utator segment 7b and eleventh commutator 
segment 7b, thus a^reduction in cost can be realized. 

Here, as a matter of course, the prcoent Miveiitiert is not 
limited to the embodiment -a-s- described above, and can be formed 
as in a second embodiment shown in Fi^ 6 to - Fig : \ 8. 

The electric motor 1 according to the second embodiment is 
the same as that of the first embodiment in that - thxo- is formed 
as an electric motor with four poles, ten slots 6c, and twenty 
commutator segments 7b, and a pair of coils lO^that respectively 
conduct an electric current to the commutator segments 7b (riser 
7c) adjoining at both sides in the circumferential direction with 
respect to an arbitrary commutator segment 7b cmto cauood - to face 
the poles opposite from each other^ -eaati one is wound as a normal 
winding, and the other, as a reverse winding. This structure is 
the same as the first einbodiment mentioned above. In the second 
embodiment one of the coils 10 (wound in a normal winding state) 
is positioned at an opposite side in the radial direction of the 
commutator segment 7b connected so as to be conductive, and the 
other coil 10 (wound in a reverse winding state) is wound around 
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in an opposite direction from the direction in which the 

commutator segment 7b is wound along and is wound at a position 

with a predetermined angle clockwise with respect to the one coil 

10. . ^ 

Namely, an (i-l)th coil 10 is formed by hanfc^ing 4ne end or 

A 

the winding wire 9 around the first riser 7c and winding the 
winding wire 9 around the Vth and Vllth slots 6c with the Vlth 
slot 6c therebetween a plurality of times (in ^the present 
embodiment, twenty times) and hangin g the swRe atound the second 

A 

riser 7c. In this case, the (i-l)th coil 10 is wound so as to 
be in a normal winding state as a result that the winding wire 
9 has been hung around o- u & g to rcaoh f z*om the Vth slot 6c side 
to the VII-^i slot 6c. Thereafter, by winding the winding wire 



le VII-^i 
rg^ aroun 



9 h arib around the second riser 7c, at a section with an angle 

A 

of approximately 90 degrees in the circumferential direction with 

respect to the (i-l)th coil 10, namely around the Xth slot side 

and the Vlllth slot 6c with the IXth slot 6c therebetween a 

plurality of times, (in the present embodiment, twenty times) , 

and by -4^^aging^ the Winding wire 9 around a third riser 7c, an 

(i-2)th coil 10 in a reverse winding state is formed. 

Subsequently, a ^ii~l)th coil 10 is formed by winding the 
t^(iM4G^ 

winding wire 9 httrig around the third riser 7c at a section from 
the Vlth slot 6c to the VIXIth slot 6c with the Vllth slot 6c 
■therebetween and- hanging ^the same aroundja fourth riser 7c . Then, 
by winding the winding wire 9 krmlpVaroand the fourth riser 7c, 

A 

at a section with an angle of approximately 90 degrees in the 
circumferential direction with respect to the (ii-l)th coil 10, 
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namely around the Ist slot 6c and th^ IXth slots 6c with the Xth 



slot 6c therebetween and hang j r ri (^ the sdme around the fifth riser 
7c, a (ii-2)th coil 10 in a reverse winding state is formed. 

As such, by winding the winding wire 9 around the slots 6c 
in a manner sequentially hun t g^ around the sixth, seventh, and 
eighth risers 7c ... based on the winding states , coils 10 are wound 
around the outer periphery of the armature 4 in an integrated 
manner. And, therein as well, similar to the first embodiment, 
magnetic balance can be improved, and whirling based on a torque 
ripple and the like is reduced, thus providing a rotary electric 
machine with an excellent performance as a result of ^^^r eduction 
in vibration and noise. Further^t*be«.eiii^the coils 10 are foimed 
by the winding wire 9 around the commutator segments 7b with the 
slots 6c facing in the radial direction therebetween^ therefore , 
interference of the winding wire 9 with other winding wire 9 can 
be reduced to prevent winding expansion, and a space factor of 
the winding wire 9 in the slots 6c can be improved. 

Also, for both armatures 4^ccording to the first and second 
embodiments, it is also possible to carry out winding from the 
first and eleventh commutator segments 7b as the start of winding 
by use of a double f lyer^ and this allows'^improv^productivitv 
Here, Figs. 8 show cross-sectional views for explaining the case 
of winding the double flyer in terms of the second embodiment, 
where Fig. 8(A) is a cross-sectional view in a state where only 
one of the winding wires 9 has been wound, and Fig. 8(B) is a 
cross-sectional view in a state where both winding wires 9 have 
been wound. 
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Next, a third embodiinent^shown in Fig. 9^will be describe<i- 
The electric motor 1 according to the third embodiment is i Kr 
the same as that of the lespyuLiu^ embodiments in that thM^is 
formed as an electric motor with four poles, ten slots 6c, and 
twenty commutator segments 7c. flted-^-^pur ((2n/N)-l)) coils 
formed in a manner respectively conducting an electric current 
to arbitrary five ( {2n/N) ) commutator segments 7b adjoining in 
the circumferential direction are eonotruotQd as ones each of 
which has an angle of approximately 90 degrees ( (360/N) ) and for 
which a coil 10 in a normal winding state and a coil 10 in a reverse 
winding state are alternately wound. 



\ are axxe rnax ex y woun a. rv 



Namely, this is construe^feed- so that, in such a manner that 
an (i-l)th coil 10^ conducting an electric current to the first 
and second commutator segments 7b^is wound in a normal winding 
state around the Ilnd and Xth slots 6c with the 1st slot 6c 
therebetween, an (i-2)th coil 10^ conducting an electric current 
to the second and third commutator segments 7b^ is wound in a 
reverse winding state around the Vth and Ilird slots 6c with the 
IVth slot 6c therebetween, an (ii-l)th coil 10^ conducting an 
electric current to the third and fourth commutator segments 7b^ 
is wound in a normal winding state around the Vlth and Vlllth 
slots 6c with the VII th slot 6c therebetween, and an (ii-2)th 
coil 10^ conducting an electric current to the fourth and fifth 
commutator segments 7b^is wound in a reverse winding state around 
the 1st and IXth slots 6c with the Xth slot 6c therebetween, the 
coils 10 are sequentially wound while skipping over three slots 
6c. The coils 10 are wound with a predetermined gap between the 
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adjoining coils 10, i.e., an angle of approximately (360/N) 
degrees, that is, approximately (360x3/10) degrees and are wound 
in the sequential winding direction alternating a normal winding 
state with a reverse winding state. Thereby, the coils 10 
connected between the brushes 8 of opposite poles are set so as 
to face the respective four poles provided on the inner 
circumference of the yoke 2 in corresponding winding directions , 
Consequentially, therein, magnetic balance entirely in the 
circumferential direction of the armature 4 is unified, and 
whirling based on a torque ripple and the like is reduced', thus 
providing a rotary electric machine with an excellent performance 
as a result of a reduction in vibration and noise. 

Moreover, it is also possible to form an electric motor as 
in a fourth errUDodiment shown in Figs. 10 'and -P4?^ 11. 

This is also the same as that of the j e tecpootivo embodiments 
in that it is formed as an electric motor 1 with four poles, ten k ^ 
slots 6c, and twenty commutator segments 7c. i^ i n ri , thV i r i D i iB coils j 
10 are wound by use of a double flyer. For the respective coils 
10, from the first commutator segment 7b and eleventh commutator 
segment 7b as the start of winding, an (i-l)th coil 10 and an 
(vi-'l)th coil 10 are respectively wound around, by starting from 
the first commutator segment 7b and eleventh commutator segment 
7b, in a no rmal winding state around the Vllth and Vth slots 
6c and aroun d the Ilnd.and Xth slots 6c skipping over the Vlth 
and 1st slots 6c facing ^xn the radial direction. In contrast 
thereto, for an (i-2) th coil 10 and a (vi-'2) th coil 10 subsequently 
formed, in a manner proceeding in an opposite direction from the 
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direction in which the commutator segment 7b is woun<i along, 

respectively, the (i-2)th coil 10 and the (vi-2)th coil 10 are 

formed in a reverse winding state around the Ilird and Vth slots 

6c and around the. Xth arid Vlllth slots 6c skipping over the IVth 

and IXth slots' 6c provided'^ith an angle of approximately (360/N) 

A 

degrees, that is, (360x2/10) degrees relative to the VI th and 
1st slots 6c. As such, therein, the coils 10 connected to the 
adjoining commutator segments 7b are wound with a predetermined 
gap of ((360x2/10) degrees, that is, approximately (360/N) 
degrees) from each other, and in a manner alternating the winding 
directions^ ffrriij mnreover, oo that the direction in which the 
winding wire 9 winds around the commutator segment 9 and the 
direction in which the .coils 10 are wound are opposite. 
Accordingly, tnoroin , similar to tne third embodiment, the coils 
10 connected between the brushes 8 of opposite poles face the 
respective four poles on the inner circumference of the yoke 2 
in corresponding winding directions^^heref ore , magnetic balance 
entirely in the circvimf erential direction of the armature 4 is 
unified, and whirling based on a torque ripple and the like is 
reduced, thus providing a rotary electric machine with an 
excellent performance as a result of a reduction in vibration 
and noise. Further thoj:^ .n , the coils 10 are formed by winding 
the winding wire 9 around the commutator segments 7b with the 
slots 6c facing in the radial direction therebetween at the start 
of winding^ therefore, the winding wire 9 is tightly wound around 
the shaft 5, and a space factor of the winding wire 9 in the slots 
6c can be improved . 
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H Fur-bhoarmojTQ ^ a fifth embodiment shown in Fig, 12 will be 



described 



The fifth embodiment is almost the same in constru - ction as 
-the fourth embodimentcy arid ^he electric motor 1 is formed as an 
electric motor with four poles^ ten slots 6c, and twenty 
-commutator segments 7b. Anri ^tt ■ i coils 10 are wound by use 
•of a double flyer, which is almost the same as in the fourth 
-embodiment. For the respective coils 10, from the first 
.commutator segment 7b and eleventh commutator segment 7b as the 
/O » start of winding, an (i-l)th coil 10 and an (vi-l)th coil 10 are 
wound^Tn a no rmal winding state, ^^"un^ ^he Ilnd and Xth slots 
6c and around the ^^r^h/vT>Q^ vth slots 6c. skipping over the 1st 
and Vlth slots 6c facing inVthe axial direction with respect to" 
the first commutator segment 7b and eleventh commutator segment 

7b. And, — £o;& an (i-2)th coil 10. and a (vi-2)th coil 10 

gubccqucntly 1 fogmaQJ, — in n mgaji j o pr ^j p ro p^Kdi ng-- in an opposite 
direction ^gom the direction in which, the coirimutator segment/ 7b 
-arg wounc ^along; , roopootj.v o J.y r the ( i-2 ) th coil 10 and the (vi-2 ) th 
coil 10 are formed, m a reverse winding state, arouad the Vlllth 
and Xth slots 6c and g b round r the Ilird and Vth slots 6c skipping 
over the IXth and IVth slots 6c provicSed with an angle of 
approximately (360/N) degrees, that is, (360x2/10) degrees 
relative to the 1st and Vlth slots 6c. As such, fe-hor%J^ , the — 
coils 10 connected to the adjoining commutator segments 7b are 
wound with a predetermined gap (of (360x2/10) degrees, that is, 
approximately (360/N) degrees) from each other , and in a manner 
alternating the winding directions^ -aftd moreover, so that the \ 
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direction in which the winding wire 9 winds around the commutator 
segment and the direction in which the coils 10 are wound are 
opposite. Accordingly, thcarepgr ; similar to the third and fourth 
. embodimen-^ the coils 10 connected between the brushes 8 of 
opposite poles face the respective four poles on the inner 
circumference of the yoke 2 in corresponding winding directions , 
therefore, magnetic balance in the circumferential direction of 
the armature 4 is unified, and whirling based on a torque ripple 
and the like is reduced, thus providing a low-vibration^ low- 
noise rotary electric machine with an excellent performance. 



1 excellent performance. 
r(" npoi?1; embodiments , 



Furthermore, in addition to the 
when, for example, as the electric motor, one with four poles 
(N=4) , ten (n=10) slots, and twenty (2n-20) commutator segments 
is used, it is also possible to provide four ((2n/N)-l) coils 
that respectively conduct an electric current to the adjoining 
five (2n/n) commutator segments as ones wound so as to face all 
poles (all four poles) , respectively, and in this case a further 
improvement in magnetic balance can be expected. 

Moreover, in an electric motor whose number of magne tic 
poles is six or eight, it is also possible to employ a c^iotJcuG^^^ 
to cause coils conducting an electric current to adjoining 
commutator segments to face adjoining opposite poles as well as 
a construction to cause coils to face opposite poles with a pair 
of magnetic poles therebetween. 

Moreover, it is also possible to wind a pair of coils that 
respectively conduct an electric current to adjoining commutator 
segments so as to cause the same to face the same poles fixedly 
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fitted at positions different from each other^ ctiiQ Lh e n=;i ?a, as 
the electric motor, when, for example, one with four poles (N=4) , 
ten (n=10) slots, and twenty (2n=20) is used, a pair of coils 
to be wound around adjoining three commutator segments have an 
angle of approximately 1.80 (360X2/N) degrees so as to face poles 
of the same polarity with respect each other, and are wound in 
the same winding direction, allows "fee- provilS'^^rotary 

electric machine excellent in magnetic balance. 

described'. 



ttTHTTrrcrrei a sixth embodiment shown in Fig. 13. will be 



The electric motor 1 according to the sixth embodiment is 
the same as that of the rnnpnnt iirn embodiments in that this is 
formed as an electric motor with four poles, ten slots 6c, and 
twenty commutator segments 7b. Furthermore, the core (armature 
core) 6 therexn is the same m oonotruetion as the first and second 
embodiments^ - ^nd two layers of ten^each, a total of twenty coils 
10 are wound around the outer periphery of the core 6 , ■ Jui ii j in 
proson-F 



th^ prosonf embodiment, «at: of these coils 10, with reference 
to an arbitrary slot 6c (for example, the 1st slot in Fig. 13) , 
where a pair of coils 10 wound with the arbitrary (1st) slot 6c 
therebetween are respectively provided as first coils. 10a and 
a pair of coils 10 wound with (Ilnd or Xth) slot 6c adjoining 
the arbitrary (1st) slot 6c therebetween are respectively 
provided as second coils 10b, these first and second coils lOa^ 
and lOb are wound so as to be different in the niomber of winding^ 

the winding wire 9 from each other. Namely, in the 
present embodiment, the coils are wound so that a ratio of the 
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nmnber of winding^ -feiiaa©* between the first coils lOa and second 
coils 10b is 3:1, respectively. Here, the twenty coils 10 are 
wound so that, as mentioned above, the coils IQ^ connected between 

- the brushes 8 of opposite poles^face at least a pair of adjoining 
magnetic poles in corresponding winding directions , respectively^ 

^herefore, magnetic balance entirely in the circumferential 
direction of the armature 4 is unified, and whirling based on 
a torque ripple and the like is reduced, thus providing a 



low-vibration^ low-noise electric motor with excellent 
^ 0 performance. 

And ,1 in the electric motor where the first and second coils 
lO^aad 10b have been wound based on a predetermined ratio of 
the number of windin<^ - ^imep ^c r ii± >^ commutation is improved so 
that the life (durability) of the brushes can be enhanced, and 
I 5 noise can be reducedo^ ^hus^ an electric motor X^with a higher 
performance can be provided. 
- — Furthermore, in the present embodiment, the coils are wound 

in a mutually biased state, so that the pair of first coils 10a 
with a greater number of winding! - fer imoo aro located at the outer 
ZO P^^i^^^^i : side, while the pair of second coils 10b with a smaller 
number of winding/ timea auc located at the- inner diametGir side. 
Thereby, in the slots 6c^ where the groove width in the 
circumferential direction becomes greater toward the outer 
-^ diameter side, by reducing the wiTiding/ ejoew^ toward the inner 
^ V^dii^mfttor side and winding/ at the outer dtame^feer side by that much, 
it becomes possible to improve the space factor of the slots €ce 
thus^it becomes possible to realize a reduction in the "^ ^ot or 
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of the slots 6c and a reduction in size and weight of the electric 
motor 1 . 

Subsequently, a seventh embodiment^ shown in Fig. 14^ will 
be described. The electric motor 1 according to the seventh 



accoraing 



embodiment is the same as that of the rG - spcctiw:: ^embodiment s in 

that this is formed as an electric motor with four poles, ten 

slots 6c, and twenty commutator segments 7b. Furthermore, for 

a core ll^Lhei-yufs teeth lib are formed on the outer periphery 

of a ring-shaped plate 11a, which is the same as the core 

6 in the respective embodiments^ rmd tfhis has a feature in the 

shapes of base parts lld^that are components of the teeth llb^ 

and pre extended^ in the radial direction, so that the shapes of 

slots lie formed between the teeth 11 have different f o irm s . 

Namely, the base parts lid are each formed in a shape bent 

to githC'T side^in the circumferential direction^ and r^heref ore , 

for the slot 11c formed between a pair of base parts lid (teeth 

lib) , with reference to an arbitrary^ slot 11c (for example, 1st 

slot 11c in Fig. 14) , the arbitrary. (1st slot) 11c is formed as 

A 

a first slot lie in a shape with a small groove width at the outer 
diamorog '^side and a great groove width at the inner diamSE^i^side , 
and a (Ilnd or Xth) slot 11c adjoining the arbitrary (1st) slot. 
11c is formed as a second slot llf in a shape with a small groove 
width at the inner dlaiu uL u - c side and a great groove width at the 




outer aiamet e r side which is reverse to the first slot lie. 

And, therein, when winding two layers of ten each, a total 
of twenty coils 10 by winding the winding wire 9 around the slots 
11c, with reference to the above-described arbitrary slot 11c 
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(1st slot 11c) , where a pair of coils 10 wound with the arbitrary 
(1st) slot 11c therebetween are respectively provided as first 
coils 10a and a pair of coils wound with a Ilnd or Xth slot 11c 
(second slot llf) adjoining the same therebetween are 
respectively provided as second coils lOb^ the pair of first coils 
lOa are wound at the outer d^-amo^^r side with a small groove width, 
and the pair of second coils 10b, at the inner 2^^^^ side with 
a small groove width, in a biased state, respectively, so that 
the winding amount of the winding wire 9 is reduced. In addition, 
when winding the first and second coils 10a awwi 10b as such, tlie 
point where the winding wire 9 is wound is to be secured as a 
large space in the slots 11c to make it possible to improve the 
space factor of the winding wire 9, which can contribute to a 
reduction in size of the electric motor. Moreover, iri the 
electric motor by winding as such, not only can an overlapping 
part betweeiithe coils 10 be reduced, in comparison with that of 
conventional ctt^ by lap winding, but also a crossover being the 
winding wire 9 Jiun g- arouiM between arbitrary coils 10 can be 
shortened. Consequently, the amount of the winding wire 9 can 



be reduced to make it possible to reduce the weighty 
^furthermore, 5-i»s^the amount of the winding wire 9 is reduced, 
copper locg oan be reduced, and high efficiency of the electric 
motor can also be realized. 1^^^ 
Furthermore, an eighth embodiment is shown in Fig. 15. and ^ 
—Fig. 16^. ^The electric motor 1 according to the eighth embodiment 
is the same as that of the ^^^^^^^^embodiments in that t^iT" 
is formed as an electric motor with four poles, ten slots €c. 
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.coiranutator 12^, twenty commutator segments 12b|^provided on the 
outer peripheral surface of a resin-made (insulation) ring- 



shaped body 12a a ^ p. r o v ido d in an integrated manner^ aw^ or the 

^ respective coirmmtator segments 12b v. risers 12 whoQo fj^oiiL ^dndip" 

^aafe protruded to the outer diamoge r side^are formed in an 

A 

integrated manner^ smdr the p rot ruded front ends of these; risers 
12c are formed at aside to Ts h dictant from the core 13 an)a into^ 
latching segments 12d folded back toward the inner ^1**^^^ side*. [jU 0^ 
» ^ - 00 that the winding 9 can be easily wound around to foJift >the coils^ 
.10. Furthermore, for the core 13, in the same manner as the 
seventh embodiment, a plurality of teeth 13b with base parts 13d 
having different forms are formed on the outer periphery of a 
ring-shaped part 13a^ jlots IScyiavi'ng groove shapes of different 
1^ forms^are formed between the^ teeth ISb^ fflad-^he slots 13c 
adjoining in the circumferential direction are formed pm^ onccu 
wher^^^a^irst slot 13e^with a wide groove width at the inner 
■■ diamotog sideband a second slot 13£ with a wide aroove width at 
the outer • <i j, am(?1;or side^ are formed alternately in the 
circumferential direction. a 

CdOU ro 

- And, thogoin - t _when winding two layers of ten each.ya total 

^* A 

of twenty coils 10 on the outer periphery of the core 6^ by winding 



the winding wire 9 around the slots 13c, with reference to the 
arbitrary slot 13c (1st slot 13c^ first slot 13e) , where a pair 
of coils 10 wound with the 1st slot 13c therebetween are 
respectively provided as first coils 10a and a pair of coils 10 
wound with a Ilnd or Xth slot 13c (second slot 13f ) adjoining 
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the same therebetween are respectively provided as second coils 
iOb^ by winding the pair of first coils 10a at the outer ili nmrtrr 
side with a small aroove width, and the pair of second coils 10b, 
at the inner i^i omntQr side with a small groove width, the coils 
10 are wound so that the winding amoimt of the winding wire 9 
is reduced. Further^ t her e in , the coils are wound so that a ratio 
of the number of winding times between the pair of first coils 
10a positioned at the outer rtTpmcitQa; side and the pair of second 
coils 10b. positioned at the inner driomQ^oy side, is 3:1, 
respectively. - Aa^ d i — by such a ^^-"Ttrii^r iirm ^ commutation is 
improved so that the life (durability) of the brushes can be 
enhanced, noise can be reduced, and the space factor can be 
increased as in the sixth embodiment, which allows a further 
reduction in the diameter of the core 13 and an improvement in 
performance of the electric motor 1^ and moroovcr , a further 
reduction in size and weight can be realized . 

Here, it is the same as. the roopQotivo ^ embodiments that 
the^ twenty coils 10 are wound so that the coils 10 connected 
between the brushes 8 of opposite poles face at least a pair of 
adjoining magnetic poles in corresponding winding directions, 
respectively e therefore, magnetic balance entirely in the 
circiamf erential direction of the armature 4 is unified, and 
whirling based on a torque ripple and the like is reduced, thus 
providing a low-vibration low-noise electric motor 1 with an 
excellent performance, as mentioned above. 

In addition, the electric motor 1 according to a ninth 



BCtrxc m 

embodiment's ho wn m Figs. I'^is the same as that of the T^rnpncti yt^; 
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embodiments in that thi:^ is formed as an electric motor with four 

poles, ten slots 6c. and twenty commutator segments 7b^ ^n-dr 

further thereic, as an insulating means of a core 14, an insulator 

15 formed.of an insulating resin material.is attached to the core 

^ -14. FuTthormorc , on an inner dluiu uL uA - side part 15a of both axial 

e^d f aces of the insulator 15, ^a plurality of^ guide pins 15b 

r^frp^^ti Trr ! y — f aoirtg xn the axial direction aro foSnod . in — st o *"" 

'iiiLeyj-eitod - mannor i n the circiamferential direction^ and ao t^heagr 

guide pins 15b, twenty guide pins^ are formed according to the 

A 

I ^ niomber of commutator segments 16b of a commutator 16. Also, the 



tommutator 16 is conatructea in the same manner as that of the 
-^eighth embodiment^ -and -the guide pins 15b are formed in a ma n ner .. 

H-i nmntnr sxde fnrtHr f ir tl^ii- 



.positioned at the outer fti nmntnr side fnrt h Wr thiin latching 
segments 16d^positioned at the outer -ai ameter side of the risers 
16c^that are components of the commutator 16. And, ■ Lheie 4rfr;^hen 
winding the winding wire 9 around the core 14^ to which the 
insulator 15 has been attached, if the riser 16c around which 
the winding wire 9 has been Irarrg and the slot 14 to which the 
same is to be drawn are distant in the circumferential direction, 
'^fi by drawing the winding wire 9 so as to circumvent the outer 
periphery of the guide pin 15b, interference of the winding wire 
9- with the riser 16c or the like is avoided. 

Namely^ Fig. 17(A) shows a pattern view when winding the 

winding wire 9 by the same process as that of the first embodiment^ 
- an d in this case, Dineo the (i-l)th coil 10 (illustrated by a ^ , 
thin line )^'d oog - not pa'^s thro^^^ ^the guide pin 15b »inoe th|y s ^ 
is positioned at the outer -diaxoeij^r side relative to the risers 
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1 6 while the (i-2)th coil 10 (illustrated by a thick line) is 

wound with the IVth slot 14c f hg.r^t^}^^«^^-wo^r^ -nnriin-j ni ro 0 

io dgawn^ rom^ie^gbcond riser 16c to the Ilird slotycsection^ 

aitd at thio ^feimc^ , ^ by guidiii y the winding wire gJtoSe outer 

,^^peripheral side^^A:he guide pin ISbV^inte^f erence between the 

A 

, winding wire 9 and riser 16c is avoided. 

Thereby, vdsM- a low-vibration low-noise electric motor 1 
is formed by winding coils 10 around the outer circumference of 
the core 14 so that the coils 10 connected between the brushes 
of opposite poles face at least a pair of adj oining magnetic poles 



in corresponding winding directions, respectively thereby 
unifying magnetic balance entirely in the circiamf erential 
direction of the armature 4<ka«^red^c:^^ whirling based on a torque 
ripple and the like, by guiding, as mentioned above, the windina 
wire 9 drawni^roru^ between the slot 14c and commutator 16 to the 
outer diQmeLe.r side by the guide pin 15b^ such a case.tAat the 
winding wire 9^interferes with the riser 16c or latching segment 
16d^ imi^ ■iiiijjiioreover, winding expansion is eliminated 

mSS 

by drawing the same along the guide pins 15 to achieve a reduction 
in size. . 

Also, gineG the commuta tor 16 according to the present 
embodiment^ employs a oonotruGtio o that the risers 15c are 
protruded to the outer diameter side and the winding wire 9 is 
latched and held by the latching segments 15d, the work for fusing 
the winding wire 9 with the riser 15c can be carried out from 
the direction along the axial direction^ thus^ there is also an 
advantage in that workability can be improved. 
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Here, it is not always necessary to form the^guide pins on 

the insulator^ it is sufficient that theSaa are provided on both 

$ A 
axial end portions of the slots as well as at the outer diameter 

side relative to the risers^ aa* i-t is also possible to provide 
the guide pins on the commutator side, or on a winding machine 
for winding winding wires. Furthermore, the guide pins may be 
provided only when winding winding wires and removed after 
winding. 

c^^^-^i^^^^^^ rotary electric machine according to 

the prcncnt lu JiLuLlLHii is useful as a component or the like of 
various actuators mounted on a vehicle, and is particularly 
suitable for us^ig^in a vehicle fan motor. 
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